What is claimed is: 

1 . A method of forming a metal wiring layer on an integrated circuit 
comprising: 

forming an insulating pattern including a recess region on an integrated circuit 
substrate; 

5 forming a metal layer in the recess region and on a top surface of the insulting 

pattern; 

removing the metal layer from the top surface of the insulating pattern 
adjacent the recess region and from an upper portion of the recess region; 

forming an aluminum film on the metal layer at a process temperature less 
10 than a re flow temperature of the metal layer to substantially fill the upper portion of 
the recess region after removing the metal layer; and 

forming a metal film on the aluminum film at a process temperature less than 
the reflow temperature of the etched metal layer. 

15 2. The method of Claim 1 wherein removing the metal layer comprises 

etching or chemical mechanical polishing (CMP) the metal layer. 

3. The method of Claim 2 wherein forming a metal layer in the recess 
region is preceded by forming a barrier metal film on inner walls of the recess and on 

20 the top surface of the insulating pattern adjacent the recess region. 

4. The method of Claim 3 wherein forming a barrier film comprises 
forming a titanium nitride (TiN) and/or a Ti/TiN stack structure barrier film. 

25 5. The method of Claim 2 wherein forming an aluminum film comprises 

forming the aluminum film at a temperature of between about 90°C and about 400°C. 

6. The method of Claim 5 wherein forming an aluminum film comprises 
forming an aluminum film by chemical vapor deposition (CVD). 

30 

7. The method of Claim 5 wherein forming an aluminum film comprises 
forming an aluminum film by metal organic chemical vapor deposition using an 
aluminum source and wherein the aluminum source comprises an organometallic 



8 



compound selected from the group consisting of dimethylethylamino alane, 
methylpyrrolidine alane, dimethyl aluminum hydride, trimethyl aluminum, 
trimethylamine alane and triisobutyl aluminum. 

5 8. The method of Claim 2 wherein forming a metal film on the aluminum 

film comprises forming the metal film at a temperature of between about -20°C and 
about 400°C. 

9. The method of Claim 8 wherein forming a metal film comprises 
10 forming a metal film by physical vapor deposition (PVD). 

10. The method of Claim 8 wherein forming a metal film comprises 
forming an aluminum film and/or an aluminum alloy film. 

15 11. The method of Claim 2 wherein forming a metal layer comprises 

forming a tungsten layer. 

12. The method of Claim 1 1 wherein forming a tungsten layer comprises 
forming a tungsten layer at a temperature of between about 200°C and about 400°C. 

20 

13. The method of Claim 12 wherein forming a tungsten layer comprises 
forming a tungsten layer by chemical vapor deposition (CVD) and/or atomic layer 
deposition (ALD). 

25 14. The method of Claim 2 wherein forming an insulating pattern is 

preceded by forming a conductive region on the integrated circuit substrate and 
wherein the recess region comprises a contact hole extending to the conductive region 
and forming a metal layer includes forming a metal plug in the contact hole. 

30 15. The method of Claim 2 wherein the recess region comprises a trench. 

16. The method of Claim 2 wherein forming the aluminum film comprises 
forming the aluminum film to a thickness of from about 400A to about 1000A. 
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17. The method of Claim 2 wherein back end processing steps following 
forming a metal layer are performed at process temperatures less than the reflow 
temperature of the metal layer. 

5 1 8. A method of forming a metal wiring layer of a semiconductor device, 

the method comprising: 

forming an insulating film pattern including a recess region on a 
semiconductor substrate; 

forming a barrier metal film on inner walls of the recess region and on a top 
10 surface of the insulating film pattern; 

forming a metal plug on the barrier metal film to fill up the recess region; 
forming an aluminum film on the metal plug and the insulating film pattern at 
a temperature of about 90°C to about 400°C; and 

forming a metal film on the aluminum film at a temperature of about -20°C to 
15 about 400°C. 

19. The method of Claim 18 wherein forming an aluminum film comprises 
forming an aluminum film by chemical vapor deposition and wherein forming a metal 
film comprises forming a metal film by physical vapor deposition. 

20 

20. The method of Claim 19 wherein the recess region is a contact hole 
which exposes a conductive region of the semiconductor substrate. 

21 . The method of Claim 19 wherein the recess region is a trench which is 
25 formed to a depth that is shallower than a thickness of the insulating film pattern. 

22. The method of Claim 19 wherein the barrier metal film is formed of 
titanium nitride (TiN). 

30 23. The method of Claim 19 wherein the barrier metal film is a stack 

structure ofTiYTiN. 

24. The method of Claim 19 wherein the metal plug is formed of 
tungsten. 



10 



25. The method of Claim 24 wherein forming the metal plug further 
comprises: 

forming a tungsten film inside the recess region and on the insulating film 
5 pattern; and 

planarizing the tungsten film to form the metal plug with tungsten inside the 
recess region. 

26. The method of Claim 25 wherein the tungsten film is formed by using 
10 chemical vapor deposition and/or atomic layer deposition. 

27. The method of Claim 25 wherein the tungsten film is formed at a 
temperature of about 200°C to about 400°C. 

15 28. The method of Claim 25 wherein the tungsten film is planarized by 

using chemical mechanical polishing and/or etchback. 

29. The method of Claim 19 wherein the aluminum film is formed by 
using metal organic chemical vapor deposition where an organometallic compound, 

20 which is selected from the group consisting of dimethylethylamino alane, 
methylpyrrolidine alane, dimethyl aluminum hydride, trimethyl aluminum, 
trimethylamine alane or triisobutyl aluminum, is used as an aluminum source. 

30. The method of Claim 1 9 wherein the metal film is formed of an 
25 aluminum film or an aluminum alloy film. 
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